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The mechanism of gastrulation has been discussed by many investigators, 
mainly on the mechanism of initiation of the invagination. Recently, Dan and 
Okazaki (1956) have reported. on the role of the secondary mesenchyme cells in the 
formation of the primitive gut, basing on the observations of the living sea urchin 
larvae. 
The present writer carried out observations on the fixed materials of the sea 
urchin larvae, and found out a new phenomenon of secretion of mucosubstance 
in the gastrula stage. The present paper deals with the relation between the 
phenomenon of secretion and the behavior of the primary mesenchyme cells. 
MATERIAL AND METHOD 
Material us'ed was the sea urchin, Strongylicentrotus pulcherrimus, collected 
near the Asamushi Marine Biological Station. Developing embryos of the stages 










The material can be kept in the fixative without harm for a week or longer, 
although the fixative is decolorized within two or three days by the action of 
substances contained in the material. The paraffin sections were stained with 
Hale's dialysed iron method for acid mucopolysaccharides. 
OBSERVATIONS 
Process of shedding cells into the blastocoel. At the beginning of gastrulation 
1) Contributions from the Marine Biological Station of Asamushi, Aomori Ken, 
No. 278. 
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in the living material, the blastula loses its spherical shape and begins to flatten 
at the vegetal pole. At this time the vegetal mesodermal cells begin to break loose 
separately into the blastocoel, even before tl~ere h·as been much ;;,folding of the 
endoderm. 
In sections, the surface of the blastula and gastrula of the sea urchin embryo 
is covered with a cuticle, intensively stained with Hale's method. The mesodermal 
cells are deeply stained in comparison with ectodermal and endodermal cells (Fig. 
!). The mesodermal cells contain dense Hale positive substance at the distal 
end formerly attaching to the cuticle (Figs.·r; 2, 3, 4, i2 arid 14). A space was 
always observed between the cuticle and cell layer at the blastopore side (Figs. 
2, 3 and 4). At the time of shedding, the primary mesenchyme cells are covered 
with Hale positive substance, and sometimes, there remain· debris of the substance 
in the interecellular· space. The phenomenon is also observed at the time of shed-
ding of the secondary mesenchyme (Figs. 5, 6, 7 and 8). 
As to the mechanism of shedding of the primary mesenchyme cells, ·loosening 
of the intercellular connection at the region of the blastopore is observed in the 
living material. The swimming gastrulae carry a long tail of mucosubstance 
behind the blastopore region. Accordingly, it is probable to· assume that the 
substance secreted by the mesenchyme cells has the role of lubricant for slipping 
of the cells into the blastocoel. The writer is in the opinion that the substance 
covering the mesenchyme cells is a sort of mucosubstance, probably acid mucopoly-
saccharide. 
Secretion of mucosubstance by ectoderm. At the beginning of gastrulation, 
Hale positive granules appear in the cells of the ectoderm. They are observed mainly 
at the peripheral region, where the ectoderm is attaching to the cuticle of the 
surface of the embryo, and are secreted into the blastocoel through the intercel-
lular space of the ectoderm (Figs. 9, 10 and 11). The secreted substance is adher-
ing to the inner surface of the blastocoel before the beginning of invagination (Figs. 
9 and 11). Thus, the mucosubstance is added increasingly to that already 
present in the blastocoel. 
When the primitive gut reaches nearly one third of its full length, the 
mucosubstance secreted from the ectodermal cells forms a wall in the blastocoel 
(Figs. 2, 3 and 4). It is noteworthy that the primary mesenchyme cells are always 
adhering to the wall of the mucosubstal)ce. Namely, the primary mesenchyme 
cells are held together by this wall (Figs. 5, 6, 7, 8, 12, 13, 14, 15 and 16). A space 
appears between the ectodermal cells and the wall of the mucosubstance, although 
it may be somewhat exaggerated by the treatment of preparation. 
On the other hand, the secondary mesenchyme cells reach to the inner surface 
of the apical ectoderm before touching the free end of the primitive gut at that 
point (Figs. 5, 7 and 8). The phenomena of secretion is not remarkable in the 
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ectodermal cells of the animal pole region (Figs. 2, 3, 4, 5 and 6). Pseudopodia 
of the secondary mesenchyme cells were also observed. The secretion by the 
mesenchyme cells after shedding into the blastocoel is not certain as far as the 
above mentioned observations. 
DISCUSSION 
In the present obserVation a new· :fixative, which contains cadmium iodide 
and iodine was employed. The writer has pointed out that some of the mucosub-
stances are readily precipitated with cadmium iodide (Motomura 1959). Solution of 
iodine in potassium iodide is well known to be an excellent :fixative for Protozoa 
and leucocytes of invertabrates, preserving the natural shape of the pseudopodia 
(Goodrich !919). By using the above mentioned fixative containing both of them, 
the mesenchyme cells as well as the embryo of the gastrula stages were fixed in 
natural shape without showing remarkable shrinkage. 
In the present observations Hale's dialysed iron method for acid mucopoly-
saccharides was used. The above m~ntioned mucosubstance is stainable further 
with the PAS method or with thionine showing metachromacy. Accordingly,, it 
is possible to assume that the above mentioned mucosubatance histochemically 
belongs to the acid mucopolysaccharaide. Among those staining methods Hale's 
· was most excellent, as it stains the nucleus and yolk granules only feeblY. in com-
parison with the other two. 
According to Boveri (1901) the primary mesenchyme is formed from the 
micromeres. Irl' the writer's observations, most vegetal cells, the anlage of the 
primary mesenchyme, become stainable with Hale's method and begin to break 
loose separately into the blastocoel before the infolding of the endoderm. Ruf-
fini (1907 and 1925) has already observed the phenomena of secretion at the dorsal 
lip of amphibian embryo: The above mentioned results show that the phenomena 
are also present in the primary mesenchyme cells of the sea urchin, in which the 
secretion is used as the lubricant in shedding cells into the blastocoel. Ruffini 
(1907) stated that the club-shape of the cell is the anatomical expression of double 
function; movement and secretion. This is applicable, at least, in the behavior 
of the primary mesenchyme cells of the sea urchin. 
Another fact is that the mucosubstance is secreted by the ectoderm into the 
blastocoel forming a wall of mucosubstance. This phenomenon has not been re-
ported as far as the writer is aware. Recently, Dan and Okazaki (1956) observed 
by tracing a series of photographs of gastrulae of sea urchins that throughout the 
period from the stage of endodermal plate formation to the completion of gastrula-
tion, the position of the primary mesenchyme cells hardly change, while the arch 
enterons increase their length. In the writer's observation, the primary 
mesenchyme cells are held together by the wall of mucosubstance secreted inwards 
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by the ectoderm. Accordingly, the writer is in the opinion that the mucosubstance 
secreted by the ectoderm has the role to hold the primary mesenchyme cells in a 
proper position in the blastocoel. 
SUMMARY 
The behavior of the primary mesenchyme cells in the early stages of gastrula-
tion of the sea urchin embryo was observed in sections, by using a new fixative for 
the preservation of the mucosubstance as well as the natural shape of the embryo. 
Mucosubstance is secreted by the primary mesenchyme cells. It has the role 
of lubricant at the time of shedding the cells into the blastocoel. 
Mucosubstance is, also secreted into the blastocoel by the ectodermal cells 
from the initiation of invagination. It forms a wall, and hold together the primary 
mesenchyme cells in the proper position in the blastocoel. . 
The mucosubstance shows histochemically the reaction of acid mucopolys-
accharide. 
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PLATE I. 
Successive stages of gastrulation of sea urchin embryo, sectioned 
in 5 p.., and stained with Hale's method. x 500. 
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Fig. 1. Shedding the primary mesenchyme cells into blastocoel, showing intensive 
staining in the primary me~enchyme and cuticle of embryo. 
Fig. 2. Initiation of invagination. Intensive staining at distal end of mesenchyme 
cells. The wall of mucosubstance is formed at lateral region of blastocoel. 
Fig. 3. Intensive staining of the primary mesenchyme cells. Some of them are 
held together with the wall of the mucosubstance. 
Fig. 4. The same, showing thicl;::ening of apical cells. 
Fig. 5. Length of primitive gut reached nearly half of its final length. A secondary 
mesenchyme cell touched to apical cell layer with its pseudopodia. 
Fig. 6. Debris of mucosubstance is observed in the cell layer of the free end of primi-
tive gut. 
Fig. 7. Some of the secondary mesenchyme cells reached to the apical region, before 
touching the primitive gut at that point. 
Fig. 8. The primary mesenchyme cells are held together near the basal region of the 
primitive gut by the wall of the mucosubstance. 
The secondary mesenchyme cells reached to the apical region, showing pseudopodia. 
Invagination of cuticle follows the primitive gut. 
PLATE II. 
Cross sections of gastrulae. 
Fig. 9. S~~retion of mucosubstance in ectoderm, showing Hale positive granules in 
the cells and in the intercellular space. Deposit of mucosubstance at the inner side of 
ectoderm. 
Fig. 10.-16. Behavior of the primary mesenchyme cells. 
Fig. 10. Section through the primary mesenchyme region, showing debris of muco-
substance before initiation of gastrulation. 
Fig. 11. Section through the equatorial region of the same stage, showing the beginn-
ing of formation of the wall by secretion from ectoderm. 
Fig. 12. The primary mesenchyme cells are held together by the wall. Mesenchyme 
cells in primitive gut show intensive staining at the basal portion. Invaginated cuticle is 
visible in the center of gut cavity. 
Fig. 13. Later stage of gastrulation. The primary mesenchyme cells are adhering to 
the wall of mucosubstance. Debris of mucosubstance is shown in the gut cavity. 
Fig. 14. Section through the apical region of primitive gut, showing mucosubstance in 
the secondary mesenchyme cells before shedding. 
Fig. 15. Basal region of middle gastrula, showing cuticle in gut cavity close to the 
cell layer. 
Fig. 16. Later stage of gastrulation. The primary mesenchyme cells are held together 
in bilateral symmetry, showing pseudopodia of primary and secondary mesenchyme cells. 
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This study was undertaken to fill the gaps in our knowledge about the 
met amorphosis in brachiopods. The present paper deals with the metamorphosis 
in Frenulina sanguinolenta (GMELIN}, a common brachiopod, found attaching to 
the surface of a crustaceous coralline, Lithothamnion sp., at the depth of 25- 30 m. 
along the eastern coast of Izu Peninsula. 
The author is indebted to Dr. I. H ARADA of the Shimoda Marine Biological 
Station for his constant guidance throughout this work. 
F. sanguinolenta is dioecious, but sexual distinction is not recognized by the 
external appearance. Sexes can be distinguished by internal structures, especially 
by the color of the gonads in the ventral mantle. 
Ova, after being laid through the short oviduct, adhere to a fold of the dorsal 
mantle having numerous mucous glands. The fold, one on each side, is called the 
nurse-ridge. The nurse-ridges start from a region near the gonopores and end 
at the frontal region of the dorsal mantle. The ovum is fertilized on the nurse-
ridge by the spermatozoon brought by a water current . An embryo stays on the 
nurse-ridge until it becomes a free-swimming larva. Since the eggs are laid one 
by one continuously, they are arranged in the order of developmental stages on 
the r idge. Therefore, we can get the embryos of various developmental stages 
at a t ime from a single female. The maximum number of the embryos in one fe-
male was about 250. The breeding season is all round the year. Ova and young 
embryos are red in color for the yolk, but well-developed free-swimming larvae are 
pale orange in the most part of the body. As soon as the larva is released 
from the nurse-ridge, it begins to swim out of the mother's shells. 
A free-swimming larva is about 250 fl' long and 190 f.L wide. The body is 
divided into three parts; anterior, middle and posterior parts (Fig. 1). It stands 
vertically on its posterior end in the mantle-cavity of the mother, but in the free-
swimming stage it takes a position of lying on its ventral side. 
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